The study investigated the antioxidant potential as well as the inhibitory potential of the seed extracts of Picralima nitida on α-amylase and α-glucosidase enzymes. The methanolic, aqueous and coconut water extracts were obtained using 70% methanol, distilled water and coconut water, respectively. Antioxidant properties were studied in vitro using DPPH ( 
INTRODUCTION
Cellular damage caused by free radicals is believed to play a central role in the aging and in disease progression (Sies et al., 1992) . Antioxidants are the first line of defence against free radical damage, and are therefore important for maintaining optimum health and wellbeing. Imbalance between free radicals and antioxidants leads to oxidative stress which in turn results in the development of pathological conditions, one of which is diabetes. Studies have revealed the inference of oxidative stress in diabetes pathogenesis by lipid peroxidation, decreased vitamin C levels, impaired glutathione metabolism and alteration in enzymatic systems (Ullah et al., 2016) .
Diabetes mellitus is a major cause of morbidity and mortality in the world. About 451 million people (aged 18-99 years) across the globe are reportedly suffering from diabetes (Cho et al., 2018) . In 2015, diabetes was one of the leading causes of non-communicable diseases (NCD) *Corresponding author. E-mail: kfarinde@yahoo.com; kakinwunmi@oauife.edu.ng. Tel: +2348053444973.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License death, contributing 1.5 million deaths globally (Wang et al., 2015) and 321,100 deaths in the African region (IDF, 2015) . More than half of diabetic patients in Africa live in the most populous countries in the region -Nigeria, South Africa, Ethiopia and the Democratic Republic of Congo (IDF, 2015) . Consumption of energy-rich diet, obesity and increase in sedentary lifestyle has been attributed to the rise in the number of diabetic cases (Sheeehan, 2003) .
Diabetes mellitus is classified into two namely type 1 and type 2. Type 1, commonly referred to as insulin dependent diabetes mellitus (IDDM) is caused by immunological destruction of pancreatic cells which results in insulin deficiency (Hudson et al., 2002) while type 2, also known as non-insulin dependent diabetes mellitus (NIDDM), results from insulin resistance, a condition which is caused by reduced sensitivity of target tissues to the metabolic effect of insulin (Neuser et al., 2005) . Although various conventional therapies abound, over 80% of rural dwellers in developing countries still depend on medicinal herbs (Brownlee, 2001) . The side effects associated with the use of insulin and oral hypoglycemic agents have also led to an increase in the demand for alternative approaches to treat diabetes (Kahn et al., 2001) . Hence, in modern days, huge attention has been directed towards recognition of plants with antidiabetic ability that may be used effectively for human consumption (Grover et al., 2002) . A lot of plants have been screened for antidiabetic activity with promising results. Compounds responsible for antidiabetic activity in these plants include complex carbohydrates, alkaloids, glycopeptides, terpenoids, peptides, steroids, flavonoids, lipids, coumarines, sulphur compounds, and inorganic ions (Tchinda et al., 2008) .
Picralima nitida is a species of the genus Picralima. It belongs to the hunterieae tribe of Apocynaceae family and is commonly called Osi-Igwe in Ibo and Abere in Yoruba (Duwiejua et al., 2002) . In other parts of West Africa, the plant is called Gbe-Fondagne in Benin Republic, Adangme in Ghana, Abureebissi in Cote d'Ivoire and Susubalunyi in Sierra Leon (Kpodar et al., 2015) . Picralima nitida is extensively distributed across West-Central Africa. The tree of P. nitida is under storey, reaching up to up to 4-35 m in height. Its trunk is about 5-60 m in diameter; cylindrical in shape and the wood is a pale yellow and hard (Okonta and Aguwa, 2007) . The flowers are white (about 3 cm long) and they have ovoid fruits which become yellowish when mature. The leaves are broad (3-10 cm) and oblong (6-20 cm long) with tough tiny lateral nerves of about 14 to 24 pairs (Duwiejua et al., 2002) .
P. nitida has diverse applications in West African traditional medicine. Various parts of the plant such as the leaves, seeds, stem, bark and roots are used by herbalists for the treatment of fever, hypertension, jaundice, gastro-intestinal disorders and malaria (Falodun et al., 2006) . Preparations from different parts of the plant are employed as crude drug or crude herbal extract as remedy for various kinds of human diseases (Duwiejua et al., 2002) . The seeds are widely used in West Africa especially in Nigeria, Cote d'Ivoire and Ghana as antipyretic, aphrodisiac agents, and for the treatment of malaria, pneumonia and other chest-conditions (Falodun et al., 2006) . Herbalists have also made claims for the efficacy of the coconut water extract of P. nitida seeds in the treatment of many diseases, including diabetes (Adegoke and Oloyede, 2013) . The presence of saponins, alkaloids, glycosides, steroids and tannins in the seeds of P. nitida has been reported (Sunmonu et al., 2014) . It has been shown that seeds of the plant are rich in amino acids, vitamins A and E, as well as in mineral elements such as zinc, iron and manganese (Nwaogu, 2016) . Investigations into the biological activity of the seed extracts also revealed their antimicrobial, larvicidal and hyperproteinaemic potential (Nwabor et al., 2014; Adegoke and Oloyede, 2013) . This study is therefore aimed at evaluating the antioxidant properties of the seed extracts of P. nitida and their in-vitro anti-diabetic potential through the inhibition of alpha-amylase and alpha-glucosidase.
MATERIALS AND METHODS

Sample collection
Dried seeds of P. nitida were purchased from Ibode Market, Molete, Ibadan. The plant was identified and authenticated at the Herbarium, Department of Botany, Obafemi Awolowo University, Ile-Ife, Nigeria and deposited with the voucher number FPI -2112.
Preparation of extracts
The seeds of P. nitida were air-dried and ground into fine powder. The methanolic, aqueous and coconut water extracts were separately prepared by mixing 20 g of the powder with 500 ml each of 70% methanol, distilled water and coconut water respectively. The various mixtures were stored in appropriately labeled conical flasks at room temperature for 48 h. The mixtures were sieved using cheese cloth to obtain the supernatants. The supernatants were then concentrated to dryness using a rotary evaporator to obtain the crude extracts: methanolic extract (ME), aqueous extract (AE) and coconut water extract (CE).
Determination of 1, 1-Diphenyl-2-Picraylhdrazyl hydrate (DPPH) radical scavenging activity
The 1, 1-diphenyl-2-picraylhdrazyl hydrate (DPPH) radical scavenging activity was measured according to the method of Blois (1958) . To 1 ml of different concentrations of the extract and the standard (ascorbic acid), 1 ml of 0.3 mM DPPH in methanol was added and allowed to react. The mixture was vortexed and kept in a dark chamber at room temperature for 30 min to allow for reaction. The absorbance was then measured at 517 nm against a DPPH control containing only 1 ml of methanol instead of the extract. The antioxidant activity was then calculated using this formula:
Percentage scavenging activity = Absorbance control − Absorbance (sample) Absorbance (control) × 100
The 50% inhibitory concentration (IC50) was obtained from a linear regression plot of percentage inhibition against concentration of the extract.
Ferric reducing antioxidant power (FRAP) assay
FRAP assay was carried out as described by Benzie and Strain (1999) . FRAP reagent was obtained by mixing a 300 mmol/L acetate buffer (pH 3.6) with 2, 4, 6-tri-(2-pyridyl)-1, 3, 5-triazine and 20 mmol/L FeCl3.6H2O. An aliquot (50 μl) of the extract at 5 mg/ml and 50 μl of standard solutions of ascorbic acid (20, 40, 60, 80 , and 100 μg/ml) were added to 1 ml of FRAP reagent and thoroughly mixed. Absorbance was measured at 593 nm wavelength after 10 min against the blank which contained 50 μl of distilled water. All measurements were taken at room temperature with samples protected from direct sunlight. The reducing power was expressed as ascorbic acid equivalent (mg AAE/g extract) which is defined as the concentration of antioxidant that gives a ferric reducing ability equivalent to that of the ascorbic acid standard.
Evaluation of total antioxidant capacity
The total antioxidant assay was carried out based on the reduction of Mo (VI) to Mo (V) and the subsequent formation of a green phosphate/Mo (V) complex at acidic pH (Prieto et al., 1999) . The extract (0.3 ml) was mixed with 3 ml of reagent solution (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes containing the reaction solutions were incubated at 95°C for 90 min. The solution was cooled to room temperature and absorbance was then measured at 695 nm against the blank containing 0.3 ml of methanol. The antioxidant activity was expressed as ascorbic acid equivalent (mg AAE/g extract) which served as positive control.
Hydroxyl radical averting capacity (HORAC)
The ability of the seed extracts of P. nitida to scavenge the hydroxyl radical generated by the Fenton reaction was measured according to the modified method of Chung et al. (1997) . The reaction mixture containing 200 μl of 10 mM FeSO4, H2O, 200 μl of 10 mM EDTA and 200 μl of 10 mM 2-deoxyribose was added to 1.2 ml of 0.1 M phosphate buffer (pH 7.4) containing 200 μl of the extract. Thereafter, 200 μl of 10 mM H2O2 was added to the mixture and incubated for 4 h at 37°C. After incubation, 1 ml of 28% Trichloroacetic acid (TCA) and 1 ml of 1% Thiobarbituric acid (TBA) were added and placed in a boiling water bath for 10 min. The resultant mixture was then allowed to cool to room temperature and absorbance was measured at 532 nm in a UV-VIS spectrophotometer.
Determination of total phenol content
The total phenol content of the extracts was determined using the Folin-Ciocalteu's method of Singleton and Rossi (1995) as described by Gulcin et al. (2003) . To 0.1 ml of 5 mg/ml of extract was added 0.9 ml of distilled water. 0.2 ml of 10 % Folin reagent was then added. The resulting mixture was vortexed. After 5 min, 1 ml of 7% Na2CO3 solution was then added to the mixture. The solution was diluted to 2.5 ml with distilled water and then incubated Feyisayo and Amadi 11
for 90 min at room temperature. The absorbance at 750 nm was then read against the blank. The total phenol content of the extract was then calculated as shown in the equation below and expressed as mg gallic acid equivalent (GAE)/g fresh weight. Analysis was done in triplicates.
where C = total content of phenol compound in gallic acid equivalent (GAE); c = concentration of gallic established from the calibration curve (mg\ml); V = volume of extract/fractions (ml) and m = weight of the crude extract obtained.
Determination of total flavonoid content
The estimation of the total flavonoid content of the plant extracts was based on the aluminium chloride colorimetric method according to the method of Zhilen et al. (1999) and as described by Miliauskas et al. (2004) . To 0.2 ml of extract was added 0.4 ml of distilled water. This was followed by the addition of 0.1 ml of 5% (w/v) sodium nitrite. After 5 min, 0.1 ml of 10% (w/v) aluminium chloride and 0.2 ml of 4% sodium hydroxide solution were added and the volume made up to 2.5 ml with distilled water. The absorbance was measured against the blank at 500 nm. The total flavonoid content of the plant extract was calculated with the equation below and expressed as mg rutin equivalents per gram of the extract. Analysis was done in triplicates.
where X = total content of flavonoid compound in rutin equivalent; q = concentration of rutin established from the standard curve; V = volume of extract (ml) and w = weight of the crude extract obtained.
In vitro alpha-amylase inhibitory activity
Alpha-amylase inhibitory activity of the different seed extracts (methanolic, aqueous and coconut water) of P. nitida was carried out according to the method of Miller (1959) with slight modifications. In a 96-well plate, reaction mixture containing 50 µl phosphate buffer (100 mM, pH = 6.8), 10 µl α-amylase (2 U/ml), and 20 µl of varying concentrations of the extracts (0.1, 0.2, 0.3, 0.4, and 0.5 mg/ml) was pre-incubated at 37°C for 20 min. Then, 20 µl of 1% soluble starch (100 mM phosphate buffer pH 6.8) was added as the substrate and incubated further at 37°C for 30 min; 100 µl of the DNS color reagent was then added and boiled for 10 min. The absorbance of the resulting mixture was measured at 540 nm using Multiplate Reader (Multiska thermo scientific, version 1.00.40). Acarbose at various concentrations (0.1-0.5 mg/ml) was used as the positive control while blank was used as the negative control. Each experiment was performed in triplicates. The results were expressed as percentage inhibition, which was calculated using the formula, Inhibitory activity (%) = (1 − As/Ac) ×100
where As is the absorbance in the presence of test substance and Ac is the absorbance of control.
In vitro alpha-glucosidase inhibitory activity
Alpha-glucosidase inhibitory activity of the different seed extracts of Data are expressed as mean ± SEM (n = 3); GAE = Gallic Acid Equivalent; TPC = Total Phenolic Content; RE = Rutin Equivalent; TFC = Total Flavonoid Content. Percentage inhibition is relative to control without added inhibitor. Ranila et al. (2010) with slight modifications. In a 96-well plate, reaction mixture containing 50 µl phosphate buffer (100 mM, pH = 6. 8), 10 µl alpha-glucosidase (1 U/ml), and 20 µl of varying concentrations of extract (0.1, 0.2, 0.3, 0.4, and 0.5 mg/ml) was preincubated at 37°C for 15 min. Then, 20 µl P-NPG (5 mM) was added as a substrate and incubated further at 37°C for 20 min. The reaction was stopped by adding 50 µl NaCO3 (0.1 M). The absorbance of the released p-nitrophenol was measured at 405 nm using Multiplate Reader. Acarbose at various concentrations (0.1-0.5 mg/ml) was included as the positive control while blank served as the negative control. Each experiment was performed in triplicates. The results were expressed as percentage inhibition, which was calculated using the formula, Inhibitory activity (%) = (1 − As/Ac) ×100
P. nitida was carried out according to the method reported by
Statistical analysis
All the measurements were done in triplicate and results are expressed in terms of mean ± standard error of mean. IC50 values were calculated using GraphPad Prism 5 version 5.01 (Graph pad software, Inc., La Jolla, CA, USA.) statistical software.
RESULTS AND DISCUSSION
Percentage yield of extracts
The percentage yields of the methanolic, aqueous and coconut water extracts were 14.90, 16.55 and 33.75% of the starting material respectively.
Total phenol and total flavonoid content
The results of total phenolic contents in P. nitida extracts are shown in Table 1 . The aqueous extract contains the highest amount of phenols while coconut water extract has the lowest phenolic content. Coconut water extract was shown to have the highest flavonoid content while the aqueous extract contained the least amount of flavonoids.
DPPH radical scavenging activity of P. nitida seed extracts
The extracts were found to possess concentration dependent inhibitory activity against DPPH radical as shown in Table 2 . The order of decreasing activity was methanol extract > aqueous extract > coconut water extract. DPPH free radical scavenging potential of all the extracts was found to be lower than that of the reference compound ascorbic acid.
Hydroxyl radical averting capacity
The order of decreasing activity was methanol > coconut water > aqueous extract as seen in Table 3 . Hydroxyl free radical scavenging potential of all the extracts was Percentage inhibition is relative to control without added inhibitor. Data are expressed as mean ± SEM (n = 3). Data are expressed as mean ± SEM (n = 3).
found to be lower than that of the reference compound ascorbic acid. The extracts possess concentrationdependent inhibitory activity against hydroxyl radical. Table 4 shows the results of the FRAP assay. The methanolic extract had the highest FRAP value while the coconut water extract has the least FRAP value.
Ferric reducing antioxidant power
Total antioxidant capacity
The order of total antioxidant capacity as shown in Table  5 is aqueous extract > coconut water extract > methanol extract. Table 6 shows the results alpha-amylase inhibitory activity of P. nitida seed extracts. The methanolic, aqueous and coconut water extracts of the seeds of P. nitida showed reasonable inhibitory activity against α-amylase when compared with acarbose.
Alpha-anylase inhibitory activity
Alpha-glucosidase inhibitory activity
The methanolic, aqueous and coconut water extracts of the seeds of P. nitida showed reasonable inhibitory activity against α-glucosidase when compared with acarbose. The methanolic extract exhibited the highest activity as shown in Table 7 . Free radicals are harmful by-products produced during cellular metabolism, which could lead to oxidative damage in the body (Abidi and Ali, 1999) . Antioxidants play a significant role in the body's defence system against damage by free radicals. Several studies have described antioxidant compounds with radical scavenging activity present in herbs, fruits, vegetables and cereals extracts (Gray et al., 2002; Nuutila et al., 2003; Hou et al., 2005) . Phenols are important plant constituents due to their free radical scavenging ability by virtue of their hydroxyl groups. Flavonoids are one of the most diverse and Data are expressed as mean ± SEM (n = 3); percentage inhibition is relative to control without added inhibitor. Data are expressed as mean ± SEM (n = 3); percentage inhibition is relative to control without added inhibitor.
widespread group of natural phenolics (Shimoi et al., 1996) . The results of the present study indicate that the seed extracts of P. nitida are rich in phenols and flavonoids which may be attributable to their high antioxidant activity. The leaves and root bark of the methanolic extract of P. nitida have also been shown to contain significant amounts of phenols and flavonoids (Saravanan and Parimelazhagun, 2014; Teguwa et al., 2013) . The aqueous extract contained the highest amount of phenols while the methanolic extract contained the highest amount of flavonoids according to the results in Table 1 . Several studies have reported a higher phenol and flavonoid content in methanolic extracts relative to extracts of other solvents (Anokwuru et al., 2011; Babbar et al., 2014; Kopjar et al., 2015) . However, Stanojevic et al. (2016) and Reis et al. (2016) reported a higher phenolic and flavonoid content of ethanol extracts when compared to other solvents that were investigated. DPPH scavenging activities involve hydrogen atoms transfer and electrons transfer (Saravanan and Parimelazhagun, 2014) . The results of the present study indicate that the seed extracts of P. nitida may contain some hydrogen donor molecules which may help in the reduction of free radical production. However, all seed extracts exhibited lower scavenging properties than the reference compound ascorbic acid as seen in their IC 50 values in Table 2 . The methanolic extract showed the highest DPPH radical scavenging activity among the seed extracts of P. nitida. Similar findings of the DPPH scavenging activity of the extracts of the root bark and leaf extracts of P. nitida have been reported (Erharuyi et al., 2014; Teguwa et al., 2013) .
The hydroxyl radicals are extremely reactive oxygen species that can react with every possible molecule in living organisms, especially with proteins, DNA, and lipids (Mohammed et al., 2009) . Hydroxyl radicals can rapidly initiate lipid peroxidation process by extracting hydrogen atoms from unsaturated fatty acids (Aruoma, 1998) . They are able to do this because of the aromatic hydroxylation at the ortho-position of their phenolic rings (Lipinski, 2011) . The electron or proton donation capacities of P. nitida seed extracts were further confirmed by the Fenton reaction system in a concentration-dependent manner similar to their DPPH radical scavenging activity. Nwankwo et al. (2017) reported a significant free radical scavenging activity of the ethanolic extract of P. nitida seeds on malaria-induced albino mice. This may be attributable to their high phenol and flavonoid content.
FRAP assay measures the reducing potential of an antioxidant reacting with a ferric tripyridyltriazine (Fe3 + -TPTZ) complex to produce a coloured ferrous tripyridyltriazine (Fe2 + -TPTZ) (Gordon, 1990 . Antioxidants are strong reducing agents and this is primarily based on the redox potential of their hydroxyl groups (Oboh et al., 2012) . The results indicate that there is a possible correlation between total phenol and total flavonoid content and FRAP assay which agrees with the findings of Zheng et al. (2001) and Rajurkar and Hande, (2011) who reported strong correlations between total phenol content and FRAP assay.
Total antioxidant activity of P. nitida seed extracts was evaluated by the phosphomolybdenum method (Prieto et al., 1999) . This involves the transformation of Mo (VI) to Mo (V) by the antioxidant compound phosphormolybdenum complex with a maximal absorption at 695 nm. The results obtained from phosphomolybdic acid assay are shown in Table 5 with the aqueous extract having the highest total antioxidant capacity. Polyphenolic compounds contribute significantly to the total antioxidant capacity of plants. A major goal in the treatment of diabetes mellitus is to maintain near normal blood glucose levels in both the fasting and postprandial state (Bailey, 2000) . One therapeutic method used to decrease postprandial hyperglycemia is to suppress glucose production and/or absorption from the gastrointestinal tract through inhibition of either α-amylase or α-glucosidase enzymes (Cheng and Funtus, 2005; Kim et al., 2006; Matsui et al., 2007; Bhandari et al., 2008) . Alpha amylase catalyzes polysaccharides (starch) into various oligosaccharides and disaccharides. Disaccharides produced by α-amylase are hydrolyzed further by α-glucosidase to yield glucose and other monosaccharides, which are readily absorbed in the small intestines (Shaw et al., 2010) . Both animal studies (Okoli et al., 2010; Singh et al., 2001 , Matsui et al., 2007 and clinical studies (Chiasson et al., 2002; RhabasaLhoret and Chiason, 2004) have shown that inhibitors of both α-amylase and α-glucosidase can suppress glucose production and absorption from the small intestine. Currently, some inhibitors of α-amylase and α-glucosidase such as acarbose, phaseolamin and vogiblose are being used to suppress postprandial glucose levels in diabetic patients (Kim et al., 2006) .
The hypoglycemic effects of the coconut extract of the seeds of P. nitida in alloxan-induced diabetic rats have been reported (Ajao et al., 2009 ). Adegoke and Oloyede (2013) also reported that the coconut water extract of the leaves of the same plant significantly lowered blood glucose and protein levels in alloxan-induced diabetic rats. The results obtained from the present study indicate reasonable α-amylase inhibitory activity of the methanolic, aqueous and coconut water extracts of the seeds of P. nitida, comparing favourably with acarbose with the methanolic extract exhibiting the inhibitory highest activity among the other extracts (Table 5) . Similar in vitro studies have attributed the α-amylase inhibitory activity of some plant extracts to the presence of tannins (Bhandari et al., 2008) , flavonoids, polyphenols and their glycoside derivatives (Campos et al., 2003) . The methanolic, aqueous and coconut water extracts of the seeds of P. nitida also showed reasonable α-glucosidase inhibitory activity in comparison with acarbose. Again, the methanolic extract was observed to be the most potent inhibitor of α-glucosidase among the seed extracts of P. nitida. The α-glucosidase inhibitory activity of some plant extracts to the presence of flavonoids, polyphenols as well as their glycoside derivatives (Casirola and Ferraris, 2006; Andrade-Cetto et al., 2008) . The order of activity of the extracts (methanolic > aqueous > coconut) was observed to be the same for both α-amylase and α-glucosidase. The difference in activity can be explained by the different polarities of the solvents, which selectively extracted targetable bioactive compounds relating to the inhibition of carbohydrate metabolism from seeds of P. nitida. Extracts of leaves of P. nitida have been reported to inhibit alpha-amylase and alpha-glucosidase (Kazeem et al., 2013) .
Conclusion
The results of these investigations indicate that the seeds of P. nitida possess significant antioxidant properties. The results also support the traditional of the use of P. nitida seed extracts in the treatment of diabetes (Aguwa et al., 2001) .
